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MAGNETIC FIELD CONSIDERATIONS IN SUPERFERRIC DIPOLE
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Fole Sheping

Iron cdominated maagnets (Figure 1) ere characterized in the limit of
iniTinite permecbility by & pole shape that is a megnetic eguipotential
where v = fH-de. Deviations from this ideal because of {inite permeability

ré zssocietsd with:-differences in path length, local seturation, flux
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concentration in siotted pole {Figure 2) i7 cremellztion is used, and sub

fcr mocerete Tield levels the veriazticn in flux path Tength throughout

iron lowers the magnetiic poternticl the iron surfzce more for the
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icnger szths. fs the exciteation increeses the permsebility is lowered in
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,f hich flux density. Crenellation in this region offers some
cegree ot contrcl over the permesebility by concentrating the flux. To a
lesser cegree sub surfzce voids cen be used tec control the reluctznce of a
Tiux pzth. The net resuli sucgests that the shape of the effective air
czp can be zdjusted to be & mzgnetic equipotential sensibly equivalent

to the icdezl pole shape for infinite permeability.
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Creneliation describes the cross sectionzl shape of a2 slotted pole the
mzgnetic consequences of which are used to control the effective zir gap.

Longitucinal crenelleztion uses two types of leminations. One shape is
determined by infinite permeezbility considerztions znd the other by the

inclusion of path length znd local szturation effects. In stacking the

mzgnet & 7ew laminations of the first shape are fcilowed by several laminations
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the szcond shape. This peattern is repzzted throughdut the magnet lencth.
Trensverse cranellation uses & single lemination.in which a set of pro-

trusicns toward the mecien plane is determinad by the effzctive air gap

gssuning infinite permeability (yp jn what follows). Another set of re-

cesses hgs its level cetermined by path lengih and loczl satureiion effects

(yT in what follows). In practice parameterized shapes ¥g and y7 (see Teble 1)

gre used to express these curves. Trizl end error adjusiments of the paraméters

dre mace until @ reasonzble compromise is obtzined.

Since longitucina) crenellation is a 3D caiculaticnz]l problem, whereas

treznsvérse crenelletien is & 2D protlem, only the trensverse cazse is explored

gt oresent
Since & slottied pole §s usec in crenglleticon it is necessary to know the
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w2s used 1o determine & stecking factor in the £ole shim recion thet gave a
sicniticent improvement in field quality of 30 kE. Sterting from STACK = .9

en epprecieble chanoe occurred only when STACK wes less than .5. It was decided
thzt this smooth epproximetion to crenellztion did not contzin enough of the
physics to continue but that & reasonable sterting point might be a 1:1 irop

o &ir ratio.

Exploratory calculations were mzde using LINDA. For sccurate esiimaies at

-

ezst two mash units ere neeced both in ihe 2ir end in the iron Tor each cre-
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egtion. The best resulis were obtained using a 1/32 inch mesh size with
3 mesh units of iron &nd 5 mesh units of air describing the slotied pole.

Using KSIXL = 0 znd NSIKL = 4 for the low field end high field results the
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or vy an¢ yy were obtained as recorced in Teble 1.

Heving determined good low Tield &nd high £ie16 properties POISSON was

vsec to explore intermedizte cases. Although the low ernd high field



gxcitetions beth give rzther good fieid quelity in zgreemsznt with LIRDA,
the inierradiate excitetions give significantly poorer Tield quality
(Figures 3-4 and Table 2). Possibly the inclusion of more parameters such
&s verisble spacing and tepering could improve the quzlity for intermediate

cases without destroying the low and high field cases.

Two Currznt Dipole

Since the 30 kG magnet envisaged is closer to being iron dominzted
then conductor dominzted it is possible that a gesometriczl relocation of
concuctors can control the Tield shape zs saturation develops.

A suiteble cuality high field cen be obtained using a flat pole with a

bevel ic meke the trensition to the coil window. At Tow excitation the

poorer cuelity Tielcd can be significantly improved by reducing the vertical
hzichi ¢f the coil Thus by using two szperete excitztion coils &n iron
shepe cen be Tound thet yields cooc Tield guaiity et both hich and low

‘4

excitaiions. Furthermore, iniermecizte excitetions cen 27s0 be of ¢ood guality
by frectionglly (f) excitinc the second coil with respect to the first.

LINDE wes used to determine the iron shape and coil disposition for
RSIKL = 0 e&nd NSIKL = 4 that satisfied the oood field quality requirement.

For this iron shape and coil disposition POISSON ié then employed to
cdetermine the fractional excitation thet gives accepteble fields. These
results zre shown in two stazoes. Figures (5-6) and Tzble 3 result from
inputting the ceometrical iron shape &ncd coil disposition determined by
LINDA. 1In this sequence,- however, only the first coil is excited in order
thezt one may compare with the next secuence in whfch the second coil is also
excited

The Tinal sequence hes the fractione]l excitetion (f) optimally adjusted
for ezch cese and veries from f = O for the low 7ield cese to f = 1.for the

high field case. These results are given in Figures {(7-8) and Tazble 4.



for the transverszly crenellztz2 dipole

Fowever, for the two current dincle &n

r:. 1
egvaileble.



eble 1 Surerferric Dipole Parameiers

gy Tisvd 30 kG
Ixcizetion 75 kA-Turns

umier oF Tures (for test magnet only) 40
cencuzior Current 1875 A

Concductor Size .05 in..by .05 in.
Current Pensity (averzged over mztrix) 750 kA[in2
116.25 KAfcm?
1162.5 A/mn’

Stort Szmple Current* 2350 A
Skzrt Szzole Current Density 940 kA/in?
145.7 Kb/cm
1457 A/mn’
Fzzi Tigid

Zrgrmztizisc 30.S kG
Two o Current 30.8 kG

ErETELE TSz
R L _1.6 .2 _1.2.25 2
Crenzliztisd (.n.) T TITTS XT yB 5 T3 XB
N C ent = —é-: = -
H e LUTrrenc ]T - ]O' ITOT IB ITOT IT

(I in A-Turns anc¢ ¥ js reletive density)

TP.¥. Menisch, private communicztion
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Coil 1 (A-Turns/pole) 2000 15000 22000 29000 37405
Coil 2 (A-Turns/pole) 0 0 0 0 0

Central Field (G) 1975 14826 21459 26237 30934
Ampfac 1.0000 1.0000 1.0124 1.0915 1.1941

Median Plane Field (AB/BO)

» (in)

.0000 .000000 .000000 .000000 .000000 .000000
.0860 -.000018 -.000023 -.000026 .000451 .001026
.1765 ~-.000034 -.000059 -.000052 .002008 -~ ..004471
.2625 .000115 .000062 .00d148 ,004886 .010495
-3530 .000960 .000863 .001226 ..010260 ’ .020809

Multipole Composition (Bn/B1 at .300")

-n

1 1.000000 1.000000 1.000000 1.000000 1.000000
3 ~-.000270 -.000341 ~,000388 = 005392 .012358
5 '.000328 .000328 . 000527 .001084 .001576
7 . 000177 .000178 . 000211 .000227 .000233

9 .000007 ,000006 -,000002 -,000010 -.000015
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